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The present experiments were undertaken in order s feasible to influence a conducted afferent volley to in determine whether the spinal cord by repetitive stimulation of various structures in the brain. This, indeed, proved to be possible. Furthermore, the results indicate that spinal afferent pathways can be tonically influenced from higher levels of the nervous system. According to Hursh, the spike is the record of impulses passing directly upwards along the central branches of dorsal root fibers while the relayed response is the centrally directed counterpart of the dorsal root reflex (26). Whatever the nature of this reflex may be (4), its centrally directed counterpart can be followed up to the dorsal column nuclei in the medulla where it influences the relay into the medial lemniscus (25) In the present experiments it was found that repetitive stimulation of various structures in ihe brain can influence the sizeA of the dorsal column relayed response as well as the size of the dorsal root reflex. The primary afferent spike in the dorsal column, however, was never affected by such stimulation.
METHODS
In the experiment illustrated in Fig. 1 , the tip of the recording needle was placed in the right dorsal column a few tenths of a millimeter below the surface and about 9 cm. above the zone of entrance of the stimulated ipsilateral dorsal root (Li). This root had been split into two branches, one of which was stimulated. The other branch was used for recording the dorsal root reflex. The dorsal column response was recorded on the lower beam and the dorsal root reflex on the upper (Fig. 1 Figure 2 shows the complete run of an experiment where such a rebound of the dorsal root reflex was evoked following stimulation of the contralateral sensory cortex. It is of special interest to note that the primary afferent spike in the dorsal column is not influenced by central stimulation.
This indicates that the simple presynaptic conduction of afferent impulses along the dorsal column fibers is not interfered with and that the effect is produced in the internuncial pool around the root entry zone. This conclusion is further supported by the fact that the local negative intermediary potential (10) recorded from the dorsum of the spinal cord at L7 is depressed in parallel with the relayed dorsal column response and the dorsal root reflex (Fig. 1B) .
Backfiring into the dorsal columns causing refractoriness of the afferent fibers was frequently seen when stimulating the region of the ipsilateral dorsal column nuclei in the medulla (Fig. 3 ). In this case there was a depres- sion not only of the dorsal root reflex and the dorsal column relayed response but also of the primary afferent spike in the dorsal columns (Fig. 3A) . Meanwhile, there was a marked activity of antidromic impulses passing through the dorsal column out into the dorsal root (Fig. 3B ). It is obvious that this effect is quite different from the depression described above (cf. Fig. 1A ).
Afferent conduction in ventral columns. In order to record the afferent volley in the ventral columns, the cord in the middle thoracic region was slightly rotated and the tip of the recording needle was placed l-2 mm. lateral to the anterior medial fissure, and just penetrated the surface of the cord. When a single afferent volley was initiated by a shock applied to the dorsal root L7 it was usually possible to record a response in the ventral column. The response was most easily found in the ventral column on the side opposite to the dorsal root stimulated. Both the latency and the shape of the response were somewhat variable. Usually, however, after a latency of about 2-4 msec. there was an initial negative potential followed about 10 msec. later bv a second elevation. After these two negative waves there was No attempts have been made to get detailed information concerning the complete extent of the cerebellar region from which the effects can be obtained. Cortical electrodes were used to stimulate that part of the cerebellar cortex that could easily be reached by a simple dorsal approach (posterior vermis, ansiform and paramedian lobe). Stimulation of these areas never evoked any effect uponthe afferent ventral column response. Other parts of the cerebellum were explored by the coaxial needle electrode angled down through the dorsal exposure. With this technique it was found that stimulation in the ventral part of the anterior vermis frequently caused depression of the test responses. Usually the effect was produced from both sides of the midline. Occasionally stimulation in the region of the dentate nucleus also proved to be effective.
In a series of experiments the afferent volley in the ventral column was influenced by repetitive stimulation in the buZbar or midbrain reticular formation. The latter area is known to possess marked excitatory effects on the motor and gamma efferent system (8, 21, 24). In no experiments, however, could an increase of the afferent response be evoked from these structures. sensory cortex the afferent responses were completely abolished (Fig. 5, A2 ). Similar results could usually be obtained from the sensory cortex of both hemispheres but the most potent effects were always evoked from the sensory cortex on the side opposite to the stimulated dorsal root. Furthermore, different areas of the sensory cortex were not equivalently effective, the medial portion being more potent than the lateral. Since the medial portion involves the leg area of the sensory cortex, the results might indicate a somatotopic organization.
In some experiments an afferent response was recorded from the medial part of the midbrain reticular formation (6). This response, which had a latency of about 18 msec., was almost completely abolished during stimulation. In a similar way an afferent response recorded from the anterior vermis could easily be depressed by stimulating the postcentral sensory cortex (Fig. 5B) .
In one experiment the afferent volley in the spinal cord was depressed by stimulating the second somatic sensory area (22 Results similar to those obtained bY stimulating the sensory cortex were regularly seen also during stimulation of the precentraz motor cortex. Again, the effects were most pronounced from the hemisphere on the side opposite to the dorsal root stimulated.
The question arose as to what degree the pyramidal tracts might be responsible for the effect evoked upon the afferent volley in the spinal cord. With this problem in mind, the stimulating electrodes were placed in the pyramidal tract at the middle level of the medulla oblongata. Stimulation of this point caused a slight depression of the afferent test response in the spinal cord, but since the effect was more pronounced from the adjacent bulbar reticular formation, the possibility cannot be excluded that the result was due to a spread of the stimulus into this region.
We cannot claim to have done more than a preliminary exploration of the total extent of the cerebral cortex. Besides most areas on the dorsolateral surface of th .e hemisphere, however, the medial surface has also been stimulated. Here, stimulation of the anterior part of the cingulate gyrus caused depression of the afferent test response. system IS completely abolished by a moderate dose of anesthesia (Nembutal, Chloralose). Thus, after injection of 15 mg. Nembutal/kg., it was no longer possible to influence the size of afferent volleys in the spinal cord by stimulating various structures in the brain. At the same time, as this effect upon the afferent response was abolished, the evoked background activity in the ventral column was definitely decreased.
The most striking effect of the anesthesia, however, was to increase greatly the control size of the afferent response. In a few curarized animals it was quite difficult to record any afferent response in the ventral column following stimulation of the dorsal root. The record presented in Fig. 6A was obtained from such an animal. The ventral column response is hardly visible. After injection of about 45 mg. Chloralose/kg., there was a remark-able increase of the afferent response (Fig. 6B ) and similar augmentation occurred in the instances after Nembutal. Considering the facts presented above, it seems reasonable to conclude , that the increase of the afferent response during anesthesia is due to a removal of tonic, descending influences, capable of depressing afferent conduction in the cord. If this conclusion is correct it is logical to assume that a high transection of the spinal cord should influence the size of the afferent response in a way similar to anesthesia. In Fig. 7 is shown the ventral column response in a curarized animal before (A) and after (B) a high transection of the spinal cord. In most experiments of this kind the size of the afferent response was decreased immediately after the transection. After about lo-20 minutes it had recovered. Then it continued to grow for a variable period of time. Usuallv the maximum size was reached within about one hour. 
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It should be noted (Fig. 7) that not only the amplitude but also the appearance of the response has been changed by the transection.
The late hump appearing in the first record (A) is no longer present in the second (B). This typical result would indicate that the late negative deflection, present in most of our ventral column records, is due to activity in descending pathways, reflexly activated by the afferent volley. This conclusion was further supported by an experiment in which the animal was not curarized but lightly anesthetized with a combination of Chloralose and Nembutal. The ventral column response in this cat showed a very pronounced late negative wave. Repetitive stimulation in the midbrain reticular formation had no effect upon the first afferent volley in the ventral column but the late negative wave was greatly increased. The different nature of the first and second hump is indicated by their different behavior during central stimulation.
Furthermore, the large size of the late negative hump in this animal falls well in line with Moruzzi's observation (17) that in animals under Chloralose an afferent stimulus regularly evokes a muscle twitch representing a reflex mediated by certain structures in the brain.
DISC USSION The synaptic transmission of motor impulses conducted from the brain to the effector organ is known to be under the influence of nervous mecha- Recent experiments support the view that central effects can be evoked not only on the motoneurons but also on the interneurons of spinal polysynaptic reflex arcs (2,3). The only spinal reflex whose afferents cannot possibly be influenced at an interneuronal junction is the monosynaptic one. In this case, however, modification of afferent discharge is known to take place peripherally at the end-organ itself (8, 14, 15). Several unanswered questions are raised by the present observations. One is whether relays further centrally than those here experienced are similarly regulated by higher neural levels. Study should obviously be made of central influences acting upon afferent relays in the posterior columns and in thalamus.
The present results indicate that the old interpretation of corticothalamic fibers as a regulatory mechanism for thalamic transmission (9, 18) deserves serious consideration and experimental study. Another question is whether all spinal afferents can be influenced at their synaptic junction in the cord or whether certain modalities are excluded from central interference. It must be emphasized that a dorsal root stimulus evokes a quite unphysiological sensory response including a variety of afferent modalities.
In order to get more detailed information concerning this problem it is therefore necessary to use more physiological afferent test stimuli.
It should also be determined whether or not central influences can be exerted upon the first and later relays in afferent paths from cranial receptor endings. It might be presumed that the cranial afferent system for common sensibility could be influenced in a manner similar to those in the cord. It would be of great interest to know additionally whether afferent conduction from the organs of special sense might similarly be modified at the first and later relays (cf. 18, 27). Histological evidence favors this possibility, for centrifugal fibers to the olfactory bulb and to the retina have been described by Cajal (20, cf. also 1).
The present results indicate that the reticular formation plays an important role in the central regulation of sensory relays in the spinal cord. Most other central structures which have been found capable, upon stimulation, of influencing the afferent response, are known to be functionally
